Introduction

Several examples of dinuclear [Ni 2 L(L )]
n+ complexes supported by the macrocyclic hexaaza-dithiophenolate ligand L 2− have now been characterized (Scheme 1). These include complexes with L = Cl − [1] , OH − [2] , NO 2 − , NO 3 − , N 3 − , N 2 H 4 [3] , BH 4 − [4] , various carboxylates [5 -9] , SH − , S 6 2− , SPh − [3, 10] , and some biologically relevant molecules such as HCO 3 − , H 2 PO 4 − [11] , and SO 4 2− [12] . In previous work, we have also described the synthesis of a few [Ni 2 L(L )] n+ complexes bearing small five-and six-membered N-heterocycles as coligands. The X-ray crystal structures of the pyrazolate ((CH) 3 N 2 − , pz) and pyridazine ((CH) 4 2+ have been reported [3] . In view of the biological and medicinal importance of azoles [13] , we considered it worthwhile to prepare further complexes of this type to gain more insight into the binding of these compounds towards the [Ni 2 three novel dinickel complexes bearing tetrazolate ligands and explore their structural features. A survey of the literature reveals that little is known of such coordination compounds [14] .
Results and Discussion
Synthesis and characterization of compounds
Tetrazole was prepared by a modified method based on the heterocyclization of triethylorthoformate with sodium azide and ammonium chloride [15] . The preparation of the 5-R-tetrazoles (R = Me, Ph) from the corresponding nitriles and sodium azide has been reported previously [16] , as has the synthesis of the complex [Ni 2 LCl]ClO 4 (1) [1] , which was used as a starting material in this complexation study. All tetrazolates (prepared in situ from the free tetrazoles and triethylamine) were found to react smoothly with complex 1 in methanol over reaction times of several hours to give the green tetrazolate complexes 2 -4, which could be isolated as highly crystalline perchlorate salts in yields > 80 % (Scheme 2). The behavior of the tetrazolate ligands is thus much like that of carboxylate ligands, which also readily displace the bridging halide ion in 1 [5] . Complexes 2[ClO 4 ] -4[ClO 4 ] are quite stable in solution and could therefore be subjected to salt metathesis with NaBPh 4 to generate the corresponding tetraphenylborate salts.
The new compounds are air-stable both in the solid as well as in solution, readily soluble in a variety of polar aprotic organic solvents such as dimethylformamide, acetonitrile, and dichloromethane, but less soluble in alcohols and virtually insoluble in water. Upon heating, they decompose without melting or exploding.
All compounds gave satisfactory elemental analyses and were characterized by IR and UV/Vis spectroscopy, and by X-ray structure analysis. In acetonitrile solution all complexes feature four intense UV/Vis absorption maxima in the range 250 -500 nm, characteristic for nickel complexes of (L 2− ) [10] . The ones at ∼ 270 nm and ∼ 300 nm can be attributed to π − π * transitions within the aromatic rings of the supporting ligand, whereas those at ∼ 330 nm and ∼ 381 nm can be assigned to thiophenolate → Ni II charge transfer absorptions. UV/Vis absorptions due to the tetrazolates were not detected. Above 500 nm, each complex exhibits two weak absorption bands at 619 ± 1 and 1135 ± 1 nm. A dependence of the band positions on the substituent in the 5-position of the tetrazolate ligand is thus not significant. The two bands can be assigned to the spin-allowed 3 6 ] 2+ = 8500 cm −1 [17] 
The tetrazolate ligands have been shown to exhibit a rich variety of coordination modes [14] . As shown in Scheme 3 the tetrazolate can either coordinate by means of one, two, three or four endocyclic nitrogen atoms. The actual type of coordination depends on the electronic and steric characteristics of the substituent R and its capability to participate in binding with the metal ion. Additionally, in mixed ligand complexes the coligand also influences the coordination modes of tetrazolates [14] . Based on previous structures of hexaaza-dithiophenolate complexes [Ni 2 L(L )] n+ with N-heterocycles [3] one can assume a coordination of tetrazolate anions through two neighboring nitrogen atoms. In general, the 2,3-bridging mode [18] is favored over the 1,2-bridging mode [19] such that the former is expected for the present compounds. The crystal structure determinations described below have shown that this is indeed the case for all three complexes 2 -4.
Description of crystal structures
The and angles are compiled in Table 1 . The atomic numbering scheme used for the central N 3 Ni(µ-S) 2 (µ-N 4 CR)NiN 3 core in 2 was also applied for 3 and 4 to facilitate structural comparisons. The data for [Ni 2 L(pz)] + (5) and [Ni 2 L(pydz)] 2+ (6) [3] are also included in Table 1 for comparison.
All tetrazolates bind to the [Ni 2 L] 2+ fragment as bidendate bridges through their two ring nitrogen atoms N(7) and N(9). Consequently, the Ni ... Ni distances are nearly identical in the three compounds (average 3.394(1)Å). The macrocycle assumes a bowlshaped conformation, which is typical for [Ni 2 L(L )] + complexes when coligated by multi-atom bridging ligands L [3, 20] . All tetrazolate units are essentially planar. The N-N and N-C distances of the tetrazolate rings in 2 -4 differ significantly from the corresponding distances of the free 5-R-tetrazoles. Particularly affected are the N(7)-N(9) bonds. Thus, for 1-H-tetrazole and 5-methyltetrazole these bonds lengths are 1.295(3)Å [21] and 1.285(3)Å [22] , much shorter than in 2 -4, averaging at 1.354(3)Å. Similar changes were observed for a related tetrazolate complex with 2,3-µ-coordination [18] albeit to a lesser extent. The larger differences in 2 -4 presumably relate to the stronger Lewis acidity of the nickel(II) ions. All three N-N bond lengths in 3 are identical within experimental error, while they vary from 1.317(2) to 1.367(2)Å in 2 and from 1.317(4) to 1.360(4)Å in 4.
The average Ni-N(heterocycle) bond lengths are 2.079(2)Å (2), 2.067(2)Å (3), and 2.061(3)Å [1] , and the ligands (5-methyl-and 5-phenyltetrazole) [16] were prepared according to the literature procedures. All other compounds were purchased. Melting points were determined with a Waters VG-ZAB-HSQ instrument in open glass capillaries and are uncorrected, infrared spectra were recorded on a Bruker Vector27 FT-IR-spectrometer. Electronic absorption spectra were taken on a JASCO V670 UV/Vis spectrometer, elemental analyses on a VARIO EL-elemental analyzer.
CAUTION! Perchlorate salts are potentially explosive. Only small quantities should be prepared and handled with appropriate care.
Tetrazole (HCN 4 )
Glacial acetic acid (150 mL) was added with strong stirring to a suspension of ammonium chloride (26.75 g, 0.5 mol), sodium azide (39.1 g, 0.55 mol) and triethylorthoformate (150 mL, 0.9 mol). The mixture was stirred on a boiling water bath for 2.5 -3 h. Then the reaction mixture was cooled to r. t., treated with concentrated hydrochloric acid (7 -10 mL) and filtered. The filtrate was evaporated to dryness on a rotary evaporator, and the residue was washed with dichloromethane and recrystallized from acetic acid. Yield:
[Ni 2 L(HCN 4 )][ClO 4 ] (2[ClO 4 ])
To a solution of tetrazole (15.4 
[Ni 2 L(HCN 4 )][BPh 4 ] (2[BPh 4 ])
A solution of NaBPh 4 (342 mg, 1.00 mmol) in methanol ( 
[Ni 2 L(MeCN 4 )][BPh 4 ] (3[BPh 4 ])
The preparation of this compound was similar to that used for 4 ] · MeCN were grown by recrystallization from acetonitrile. The data sets were collected at 213(2) K using a Stoe IPDS-2T diffractometer and graphite-monochromated MoK α radiation (λ = 0.71073Å). The intensity data were processed with the program Stoe X-AREA. Structures were solved by Direct Methods [23] and refined by full-matrix least-squares on the basis of all data against F 2 using SHELXL-97 [24] . PLATON was used to search for higher symmetry [25] . H atoms were placed at calculated positions and refined as riding atoms with isotropic displacement parameters. All non-hydrogen atoms were refined anisotropically. Selected crystallographic data are summarized in Table 
